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Abstract 

Aim: Colorectal cancer (CRC) accounts for 10% of all cancers diagnosed annually and third cause of cancer-related death in the world. The objective of this 
study was to investigate the prognostic significance of the histopathologically longest tumor size in colorectal cancer. 

Material and Methods: In this retrospective study, we included 337 patients with CRC who were treated in our department. Patients who underwent radical 
surgery and pathologically confirmed CRC with stages |, II and III were included in the study. Patients’ demographic data such as age, gender and body mass 
index (BMI), tumor localization, pathologic stage, duration of hospitalization, neoadjuvant therapy status, ASA score (The American Society of Anesthesiologists 
physical status classification system), carcinoembryonic antigen (CEA), carbohydrate antigen 19-9 (CA 19-9), biochemical parameters, total number of lymph 
nodes, maximum tumor diameter (TuS) and metastatic maximum lymph node diameters and overall survival (OS) were recorded. 

Results: The mean age of the patients was 61.78+12.43 years. The mean BMI value was found as 28.29+2.93 kg/m’ in all patients. Of the patients, 197 (58.5%) 
were male and 140 (41.5%) were female. Pathological stages were found as | in 48 (14.24%), Il in 133 (39.47%) and Ill in 156 (46.29%) patients. A total of 
118 (35.14%) patients received neoadjuvant therapy. The mean operation time was statistically significantly lower in the patients who underwent laparoscopic 
operations (p=0.011). Maximum tumor size was not significantly correlated with overall survival. 

Discussion: Our results indicate that maximum tumor size is not correlated with overall survival, but it was with metastatic maximum lymph node diameter 
and total number of harvested lymph nodes. 
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Introduction 

Colorectal cancer (CRC), represents a significant health problem 
worldwide. CRC accounts for 10% of all cancers diagnosed 
annually and third cause of cancer-related death in the world 
[1]. The incidence and mortality are approximately 25% lower 
in women than in men [2]. These rates are also different among 
countries with the highest incidence seen in most developed 
countries. Based on the continuing progress in developing 
countries, the worldwide incidence of CRC is estimated to reach 
2.5 million new cases by 2035 [3]. 

Five-year survival in colorectal cancer is 65% [4]. The tumor- 
lymph node-metastasis (TNM) staging system, which is the 
gold standard in many cancers, is widely used to evaluate 
the prognosis and treatment management of patients. The 
current TNM staging system in American Joint Committee on 
Cancer (AJCC) Staging Manual 8th edition, is seen as the most 
important prognostic determinant for CRC. The staging is done 
by the depth/invasion of the primary tumor in T category, the 
lymph nodes status in the N category, and the presence of 
distant metastases in the M category. The size of the primary 
tumor is not considered in this staging system. However, the 
prognosis of patients at the same stage is highly variable. 

The T classification, based on the vertical tumor penetration 
level of the different layers of the intestinal wall in microscopic 
examination, is an important parameter to identify high-risk 
patients in treatment failure [5]. Tumor size defined as the 
largest horizontal diameter of the tumor plays an important 
role in determining the T stage of various solid tumors such as 
breast, kidney and lung cancers [6]. 

A significant proportion of CRC patients suffer from recurrence 
and distant metastasis [7]. Therefore, additional prognostic 
factors need to be identified to better assess the prognosis. 
Thus, identification of appropriate prognostic markers is of 
great importance for decision-making in CRC patients for 
therapeutic modalities including surgery, molecular target 
therapy, adjuvant chemotherapy, radiotherapy and novel 
agents in horizons. Tumor size (TuS) is a surrogate factor of 
survival in many gastrointestinal cancers including gastric 
cancer, gastro-intestinal stromal tumor, carcinoid tumors [8]. A 
recent comprehensive study has clearly shown that tumor size, 
especially maximum horizontal tumor diameter, represents a 
valuable prognostic factor in gastric cancer [9]. In pathological 
examination, tumor size can be considered as a prognostic factor 
in predicting disease recurrence and survival in patients with 
colorectal cancer [10]. Some recent studies reveal that large 
tumor sizes are significantly associated with complications, 
metastases, high recurrence, and poor prognosis of CRC [11]. 
However, some other studies suggest that patients with small 
tumor sizes have a worse prognosis [12, 13]. As a result, its 
relevance is more unclear with different publications reporting 
controversial results [13, 14]. The objective of this study was to 
investigate the prognostic significance of histopathologically 
longest tumor size in colorectal cancer. 


Material and Methods 

In this retrospective study, we included 337 patients with CRC 
who were treated in the gastrointestinal surgery department 
of our hospital between May 2006 and December 2018. Before 


the beginning, the study protocol was approved by hospital’s 
local ethics committee with 2020, 4/1 7-322 numbered protocol. 
Informed consent from patients was not needed because of the 
retrospective nature of the study. All procedures were carried 
out in accordance with the ethical rules and the principles of the 
Declaration of Helsinki. 

Only patients with workup data and available pathology data 
including TuS and follow-up data were included. Patients who 
underwent radical surgery, with pathologically confirmed CRC 
and patients with stages I, Il and III were included in the study. 
Patients who had synchronous distant metastases at diagnosis 
(stage IV), patients with more than one primary CRCs, those 
who underwent emergency surgery and patients with missing 
data were excluded from the study (Figure 1). 

All patients were staged according to AJCC 8th edition. Either 
laparoscopic or open colorectal surgery was performed by 
the same surgical team. Tumor size was measured during the 
histopathological examination. At each follow-up visit, patients 
underwent physical examinations and were checked for 
symptoms. Thoracoabdominal computed tomography (CT) scan 
and tumor markers (CEA, CA19-9) analyses were performed 
according to the guidelines. 

Patients’ demographic data such as age, gender and BMI, tumor 
localization, pathologic stage, duration of hospitalization, 
neoadjuvant therapy status, ASA score, CEA and CA 19-9 levels, 
biochemical parameters, harvested total lymph nodes, maximum 
tumor diameter (TuS) and maximum metastatic lymph node 
diameter were recorded. In addition, overall survival (OS) was 
also recorded. Postoperative complications were analyzed using 
the Clavien Dindo Classification [15] . Correlations of maximum 
tumor size with other variables were investigated. 

Statistical analysis 

Data obtained in this study were analyzed using the SPSS 


Patients with 
histopathologically 
diagnosed CRC 
(n=369) 
Emergency surgery 
(n=4) 
Palliative surgery 
" (n=6) 
R Stage IV tumors 
(n=19) 
> Missing data 
(n=3) 
v 


The final number of 
patients included in the 
study (n=337) 


Figure 1. Patient Enrollment 
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version 25.0 (SPSS, Statistical Package for Social Sciences, IBM 
Inc., Armonk, NY, USA). Continuous variables were expressed 
as mean + standard deviation and categorical variables as 
numbers and percentages. Pearson's correlation analysis was 
used to determine the correlations between tumor size and 
other parameters. P<0.05 values were considered statistically 
significant. 


Results 

A total of 337 CRC patients treated and followed-up in our 
department between May 2006 and December 2018 were 
included in the study. The mean age was 61.78+12.43 years. 
The mean BMI value was 28.29+2.93 kg/m?. Of the patients 
197 (58.5%) were male and 140 (41.5%) were female. 

The mean age was 62.20+12.34 years for male and 61.49+12.51 
years for female patients. The mean BMI values of male and 
female patients were 27.76+2.74 kg/m? and 29.08+3.03 kg/m’, 
respectively. No significant difference was found between the 
genders in terms of age and BMI values (p=0.15 and p=0.30, 
respectively). ASA scores are shown in Figure 2. 

Of all tumors, 35 (10.38%) were found in the cecum, 54 
(16.02%) in the ascending colon, 29 (8.61%) in the descending 
colon, 122 (36.20%) in the rectum, 82 (24.33%) in the sigmoid 
colon and 15 (4.45%) in the transverse colon. The distribution 
of the tumor localizations is shown in Figure 3. 

The pathological stage was found as | in 48 (14.24%), Il 
in 133 (39.47%), and Ill in 156 (46.29%). A total of 118 
(35.14%) received neoadjuvant therapy. One hundred and 
twenty (35.61%) underwent open surgery and 217 (64.69%) 
underwent laparoscopic surgery. The mean operation time was 
205.53+26.82 minutes in the open group and 193.83+35.61 
minutes in the laparoscopy group. The mean operation time was 
statistically significantly lower in the patients who underwent 
laparoscopic operations (p=0.01 1). 

Mean biochemical values and tumor marker levels are shown 
in Table 1. 

Clinical features of the patients are presented in Table 2. The 
mean duration of hospitalization was 9.61+4.83 days. The 
mean OS was 51.48+27.74 months. T stage was found as | 
in 22 (6.53%), Il in 62 (18.40%), III in 209 (62.02%) and IV in 
44 (13.06%) patients. The mean total number of lymph nodes 
was 18.75+7.63. The mean maximum tumor size (TuS) was 
measured as 6.04 +1.81 cm and the mean metastatic lymph node 
diameter as 0.92+0.36 cm. Correlations between the maximum 
tumor size and other several parameters were analyzed using 
Pearson's correlation analysis (Table 3). As seen in Table 3, the 
maximum tumor diameter was significantly correlated with 
maximum metastatic lymph node diameter (r=0.212, p<0.001) 
and number of harvested lymph nodes (r=0.120, p=0.028). There 
was no significant correlation between the maximal tumor size 
and postoperative complications according to the Clavien- 
Dindo classification (p=0.897). No other significant correlations 
were found with the maximum tumor diameter. 


Discussion 

Especially in developed countries, integration of screening 
programs into healthcare systems has led to the diagnosis 
of CRC at earlier stages [16]. It was reported in a study that 
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Figure 2. Classes of patients according to ASA 
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Figure 3. Distribution of tumor localizations 


Table 1. Biochemical values and tumor markers of the patients 


Parameter +Standard Deviation 
WBC (10°/L) 7.11 2.29 
Neutrophils (10°/L) 4.68 1.8 
Lymphocytes (10°/L) 1.62 0.75 
Monocytes (10°/L) 0.55 0.25 
Platelets (109/L) 284.43 100 
CRP (mg/L) 11.58 14 
Albumin (g/L) 4.01 0.6 
Preop Hct (%) 35.08 4.91 
MCV (fL) 78.91 6.96 
CEA (ug/L) 8.73 14.47 
CA 19-9 (kU/L) 17.51 17.22 


Table 2. Clinical features of the patients 


Parameter 


T Stage 
| 22 6.53 
Il 62 18.4 
Hl 209 62.02 
IV 44 13.06 
mean +SD 
Hospitalization (days) 9.61 4.83 
Overall survival (months) 51.48 27.74 
Metastatic Lymph nodes 18.75 7.63 
Metastatic lymph node diameter (cm) 0.92 0.36 
Maximum tumor size (cm) 6.04 1.81 


164 | Annals of Clinical and Analytical Medicine 


Longest tumor size in colorectal cancer 


Table 3. Correlations of maximum tumor size 


Max tm diameter 


Correlations 


Pearson Correlation 1 -0.025 
Max tm diameter Sig. (2-tailed) 0.726 
N 197 197 
Pearson Correlation -0.025 1 
Os Sig. (2-tailed) 0.726 
N ST 199 
Pearson Correlation -0.128 -0.020 
Age Sig. (2-tailed) 0.073 0.780 
N 197 197 
Pearson Correlation -0.017 -639** 
Operation Time Sig. (2-tailed) 0.813 0.000 
N eyes 197 
Pearson Correlation 237°* -243** 
Max LN diameter Sig. (2-tailed) 0.000 0.001 
N 195 195 
Pearson Correlation 0.133 -0.072 
Total LN Sig. (2-tailed) 0.028 0.313 
N 196 196 
Pearson Correlation 0.009 -0.057 
Postop Complication Sig. (2-tailed) 0.897 0.430 
N 197 197 


** Correlation is significant at the 0.01 level (2-tailed). 


38% of colon cancer cases and 43% of rectum cancer cases 
were diagnosed at an early stage [17]. However, such screening 
programs are not available in most developing countries and 
CRC is diagnosed at a locally advanced or metastatic stage 
with larger tumor size [18]. In such countries, it is of paramount 
importance to identify prognostic factors to improve outcomes. 
Pathological stage, lymphovascular invasion, surgical margins, 
CEA levels, type of tumor, histological grade, bowel obstruction 
or perforation, genetic mutation, microsatellite instability are 
among the known prognostic factors in colorectal cancer. 
Tumor size in CRC refers to the maximum diameter of the tumor 
specimen examined histopathologically. Its role in T staging has 
been well established in many cancers including breast, lung 
and thyroid [19], although its prognostic ability in CRC remains 
controversial [20-22]. Thus, the prognostic role of maximum 
tumor size in CRC is investigated in this study. 

In the present study, the most common tumor localization was 
rectum (36.20%) followed by sigmoid colon (24.33%). In a study 
by Mejri et al., [23] the most common localization was _ colon 
(77.04%) followed by rectum (22.96%). In another study by 
Kornprat et al., the most common tumor localization was colon 
(56.82%) followed by rectum (43.18%) [20]. These results show 
that our findings are consistent with the literature. 

In our study, we could not find a correlation between maximum 
tumor size and OS, but tumor size was significantly correlated 
with the maximum metastatic lymph node diameter and 
total harvested number of LN. Similarly, in a study by Crozier 
et al., the maximal tumor diameter was not associated with 
survival in patients with primary operable CRC [22]. In the same 
study, maximal tumor size was correlated with pre-operative 
C-reactive protein (CRP) concentration. In the present study, 
the asscociation between tumor size and CRP was close to 


Age Max LN diameter | Total LN CI-Di 
-0.128 0.133 0.009 
0.073 0.063 0.897 
197 197 195 196 197 
-0.020 -639"* -243** -0.072 -0.057 
0.780 0.000 0.001 0.313 0.430 
197 197 195 196 197 
1 -0.047 -0.021 -0.129 0.058 
0.516 0.769 0.072 0.420 
197 197 195 196 197 
-0.047 1 0.029 0.109 -0.077 
0.516 0.691 0.129 0.280 
197 197 195 196 197 
-0.021 0.029 1 194** 0.097 
0.769 0.691 0.007 0.176 
195 195 195 194 195 
-0.129 0.109 194** 1 0.047 
0.072 0.129 0.007 0.516 
196 196 194 196 196 
0.058 -0.077 0.097 0.047 1 
0.420 0.280 0.176 0.516 
197 197 195 196 197 


statistical significance (p=0.058). In a large population study 
(n=300,386) by Saha et al., a tumor size >6 cm increased the 
risk of overall mortality by 46% compared to those with a tumor 
size <2 cm after adjusting for sex, age, lymph nodal status and 
histological grade [11]. 

There is currently no consensus on a tumor size cut-off in 
international guidelines [24]. Several studies have suggested 
that a tumor size of 4 cm has prognostic value. In a study by 
Mejri et al. investigating the prognostic role of the maximal 
tumor size in stage Il and stage Ill CRC, 257 patients were 
included in the study. Patients were divided into two groups 
according to tumor size as <4 cm and >4 cm. The authors 
reported that tumor size had an impact on survival [23]. Since 
the majority of our patients had a tumor size >4 cm, we did 
not make such a grouping. In another study by Kornprat et al., 
tumor sizes were divided into two groups of <4.5 cm and >4.5 
cm, and tumor size was demonstrated to be an independent 
prognostic parameter for CRC patients. In the same study, the 
cut-off value for tumor size was 3.5 cm. However, optimal cut- 
off values varied between different parts of the large bowel 
[20]. It was reported in a study by Dai et al. that tumor size was 
an independent factor for OS in patients with ulcerative type 
CRC [25]. 

Different and controversial results among the studies clearly 
indicate the need for further studies on tumor size in CRC. 
Although a cut-off value for tumor size in predicting OS is not 
determined in this study, cut-off values reported in the literature 
are also different. Future studies may focus on the prognostic 
value of tumor size considering tumor stage, lymph node status 
and diameter, and biochemical parameters. 

Study limitations 

This study has some limitations. First, it was designed as 
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a retrospective study conducted at a single center. Second, 
grouping could not be done between tumor sizes, because 
the majority of tumors were >4 cm. However, given the need 
for such studies in the literature, it is obvious that further 
studies on this issue are warranted especially on populations in 
developing countries. 

Conclusion 

Our results indicate that maximal tumor size does not correlate 
with overall survival, but it does correlate with metastatic 
maximum lymph node diameter and number of harvested lymph 
nodes. Although it seems to have no effect on OS, it may have 
an effect on the pathological stage as it affects the lymph 
node status, and may contribute to TNM classification. Further 
studies would provide a better insight into prognostic value of 
tumor size in OS of CRC patients. 
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